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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 61/702,959, filed Sep-
tember 19, 2012.

FIELD OF THE INVENTION

[0002] In various embodiments, the present invention
generally relates to a method and apparatus for evaluat-
ing colorimetric and physical property attributes of cured
complex coating (e.g., paint) mixtures.

BACKGROUND OF THE INVENTION

[0003] Various techniques (e.g., SAE® J361) that are
used to evaluate the properties of complex coating (e.g.,
paint) mixtures typically include a variety of in-plane view-
ing conditions that are often combined with microscopic
evaluation of a sample. However, such techniques gen-
erally do not adequately address new effect pigmenta-
tions in complex paint mixtures. Further, they are largely
focused on textiles and use obscurely identified out-of-
plane viewing angles that require at least two light sourc-
es for viewing effect pigmentations properly. Other tech-
niques involve using a spectrophotometer (i.e., in-plane
multi-angle devices for effect samples and spherical de-
vices for straight shade samples) that are generally ef-
fective for analyzing pigmentations. However, such tech-
niques are generally not able to adequately characterize
new pigments due to the unique properties of, for exam-
ple, Colorstream® pigments that include pearls, colored
aluminums, etc. because it is very difficult to view the
coarseness of colored aluminums. Thus, a microscope
is required to adequately determine special effect pig-
ments, thus adding time and complexity while not satis-
factorily addressing application issues which modify the
characteristics of the sample and the effect of the special
pigments.
[0004] Laboratory gonio spectrophotometers are not
able to be effectively used in either the field or the labo-
ratory due to constraints such as size, cost, performance,
and measurement time. Portable gonio spectrophotom-
eter devices include CCD cameras such as the Byk Mac®
device from Byk-Gardner, or under-sampled bidirectional
reflectance devices such as the MA98 device from X-
Rite, Inc. While these devices demonstrate an improve-
ment over the existing portable equipment available to
provide coarseness, sparkle, and additional previously
unavailable information, the devices do not provide sim-
ple data streams or conclusive texture and opacity infor-
mation. CCD cameras generating sparkle and graininess
values are inaccurate and provide generic values so that
pigment identification/characterization and textural infor-
mation is inaccurate even when used in conjunction with
texture scales and spectral data. Under-sampled bidirec-

tional reflectance devices use a complex amount of da-
tastreams and rely on overcomplicated scattering prop-
erties of pigments to either "fingerprint" pigments or sam-
ple defects.
[0005] None of the aforementioned devices provide
adequate information for identification of and property
analysis of effect pigmentations, such as colored alumi-
nums because, in part, the devices provide inadequate
results due to the underlying assumption that coarseness
is not an attributable characteristic and only sparkle is an
appropriate measure. However, different aluminums
(colored or otherwise) clearly demonstrate coarseness
qualities in collimated light and thus there may be con-
fusion with regard to visually different aluminum pigments
that appear identical to the devices, and the suggested
usage of those devices. Furthermore, the devices typi-
cally require traditional, advanced, or complex proprie-
tary colorimetric functions that use weighting functions
to produce moderate results.
[0006] Further strategies have been developed using
painted or virtual samples that represent various textures
and that are compared to unknown samples. These tech-
niques require substantial user intervention and are sub-
jective in nature and thus may yield inconsistent results
depending on the skill of the user.
[0007] US2009/0274827 discloses a method for exam-
ining vehicle paint formulation. WO2006/030028 is con-
cerned with paint toner analysis. In EP0828144 the re-
flection area of a colour tone of a coloured surface coating
is determined with a Gonio spectral-photometer over the
visible spectral region under variation of the measuring
angle.
[0008] Thus, a need exists for a simplified approach
that uses limited multiangle, multiplanar spectral and/or
visual data with or without a color camera that can pro-
duce improved and simplified results for pigment char-
acterization and sample properties so that application
(opacity) issues and texture issues can be quickly and
clearly identified to allow for faster and better color match-
ing.

SUMMARY OF THE INVENTION

[0009] In various embodiments the present invention
is directed a computer implemented method. The method
includes performing at least one of a visual evaluation
and an instrument measurement of a target coating on
a target sample to generate colorimetric information, and
identifying, using a processor, a bulk toner that is present
in the target coating by determining a color and a color
intensity at different viewing angles relative to the target
sample. The method also includes identifying, using the
processor, at least one specific toner that is present in
the target coating by detecting a presence and an orien-
tation of colored and/or non-colored pigmentation effects
that are present in the target coating, and outputting, us-
ing the processor, a formulation of the target coating that
includes at least the at least one specific toner.
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[0010] In various embodiments the present invention
is directed to a system. The system includes a user in-
terface and a processor in communication with the user
interface and programmed to receive data from at least
one of a visual evaluation and an instrument measure-
ment of a target coating on a target sample to generate
colorimetric information. The processor is also pro-
grammed to identify a bulk toner that is present in the
target coating by determining a color and a color intensity
at different viewing angles relative to the target sample
and identify at least one specific toner that is present in
the target coating by detecting a presence and an orien-
tation of colored and/or non-colored pigmentation effects
that are present in the target coating. The processor is
further programmed to output a formulation of the target
coating that includes at least the at least one specific
toner.
[0011] In various embodiments the present invention
is directed to an apparatus. The apparatus includes
means for receiving data from at least one of a visual
evaluation and an instrument measurement of a target
coating on a target sample to generate colorimetric in-
formation, and means for identifying a bulk toner that is
present in the target coating by determining a color and
a color intensity at different viewing angles relative to the
target sample. The apparatus also includes means for
identifying at least one specific toner that is present in
the target coating by detecting a presence and an orien-
tation of colored and/or non-colored pigmentation effects
that are present in the target coating, and means for out-
putting a formulation of the target coating that includes
at least the at least one specific toner.
[0012] In various embodiments, the present invention
is directed to a non-transitory computer readable medium
including software for causing a processor to:

receive data from at least one of a visual evaluation
and an instrument measurement of a target coating
on a target sample to generate colorimetric informa-
tion;
identify a bulk toner that is present in the target coat-
ing by determining a color and a color intensity at
different viewing angles relative to the target sample;
identify at least one specific toner that is present in
the target coating by detecting a presence and an
orientation of colored and/or non-colored pigmenta-
tion effects that are present in the target coating; and
output a formulation of the target coating that in-
cludes at least the at least one specific toner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 illustrates angles labeled according to stand-
ard mathematical terminology.
Fig. 2 illustrates the angles of Fig. 1 labeled accord-
ing to standard multi-angle spectrophotometer ter-

minology.
Fig. 3 illustrates specific angles at which visual
and/or spectral information may be captured to char-
acterize toners.
Fig. 4 llustrates a maximum number of angles at
which visual and/or spectral information may be cap-
tured to characterize toners.
Fig. 5 illustrates various angles with respect to a
painted sample and light interaction with a typical
transparent or semi-transparent effect flake.
Fig. 6 illustrates how diffuse light sources provide
unfocused light to provide randomized information.
Fig. 7 illustrates a flowchart of an embodiment of a
process for identifying toners used to match a target
sample coating.
Fig. 8 illustrates a flowchart of an embodiment of a
process for identifying toners used to match a target
sample coating.
Fig. 9 illustrates an embodiment of a system which
may be used to identify toners used to match a target
sample coating.

DETAILED DESCRIPTION OF THE INVENTION

[0014] In various aspects, embodiments of the inven-
tion include a spectrophotometer and a method that may
be used to obtain target spectral and visual information
for a target sample, characterize toners to identify a plu-
rality of bulk toner types (i.e., a grouping of toner types
such as pearls, aluminums, colored aluminums, etc. that
have similar physical layering and properties) that can
be used to produce a coating having a color, texture i.e.,
the non-uniform topographical appearance), and opacity
that is similar to the target sample, and determine if the
coating composition meets user specified acceptance
criteria.
[0015] Various embodiments of the invention include
the identification of "best fit" individual/specific toners that
can be used to produce a paint having color, texture,
opacity, and effect properties nearly or substantially iden-
tical to those in the target sample. Embodiments may
also identify inadequacies of toners such that specific
missing toners are identified which are necessary to
make a paint formulation match that meets user specified
acceptance criteria.
[0016] Various embodiments of the invention include
an apparatus that has a device for capturing information
for a target sample and a processor for identifying bulk
toner types and specific toners that can be used to pro-
duce a paint having a color that is similar to the target
sample. The processor also determines if the modified
paint composition or formula meets user specified ac-
ceptance criteria. An output device may be used for con-
veying the paint formula information to a user to visualize
how a coating will appear on one or more surfaces. In
various embodiments, the invention provides a method
and apparatus for a user to visualize how an interior or
exterior surface of an object such as a portion of a struc-
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ture (e.g., a wall), an automobile, etc., will appear after
the surface has been coated with, for example, one or
more paint colors.
[0017] While the description herein generally refers to
paint, it should be understood that the devices, systems
and methods apply to other types of coatings, including
stain and industrial coatings. The described embodi-
ments of the invention should not be considered as lim-
iting. A method consistent with the present invention may
be practiced in a variety of fields such as the matching
and/or coordination of apparel and fashion products.
[0018] Embodiments of the invention may be used with
or incorporated in a computer system that may be a stand
alone unit or include one or more remote terminals or
devices in communication with a central computer via a
network such as, for example, the Internet or an intranet.
As such, the computer or "processor" and related com-
ponents described herein may be a portion of a local
computer system or a remote computer or an on-line sys-
tem or combinations thereof. The database and software
described herein may be stored in computer internal
memory or in a non-transitory computer readable medi-
um.
[0019] Traditional spectrophotometers and visual
viewing conditions consider the angles and light sources
illustrated in Figs. 1 and 2. Figs. 1 and 2 illustrate the
same angles, but Fig. 2 uses generally accepted termi-
nology to describe the angles in relation to the specular
angle (i.e., the angle of specular reflection of the incident
light source) when discussing multi-angle spectropho-
tometers. However, for clarity the angle labeling system
illustrated in Fig. 1 is used herein. In various embodi-
ments, traditional light sources may be used that employ
diffuse or collimated color corrected light.
[0020] In various embodiments, in order to properly
identify the type of toners used in the coating that is ap-
plied to the surface of an unknown or target sample, ob-
servations are taken at appropriate angles and the ob-
served data are compared to existing known toners in a
database. The database may include properties of exist-
ing toners with which the comparison is made.
[0021] In various embodiments, two incident light
sources may be used to characterize toners. As illustrat-
ed in Fig. 3 the incident light at 105° acts as a bright
spotlight on the sample and allows an observer (which
may also be a camera) and/or a spectrophotometer to
capture reflectance details regarding the target’s color
and flake (i.e., effect) orientation. The incident light may
be brighter and more direct than what would be present
when an individual observes the painted surface in a nat-
ural light environment. By using the incident light, the
properties of the coating are thus exaggerated, making
it easier to quantify the minute characteristics of the par-
ticles within the coating. A second incident light at 170°
that is representative of an individual looking along the
length of a coated surface (e.g., a vehicle) allows for bet-
ter evaluation of the color and toner characteristics. As
illustrated in Fig. 5, the incident light that is nearly parallel

to the target interacts substantially different with translu-
cent toners such as micas, pearls, xirallics, glass flakes,
etc. than light sources at angles more normal to the tar-
get. At the 10° (where 170° is the equal, but opposite)
angle of illumination the coating layer is able to be "seen"
from the underside, which results in much more trans-
mitted light returned to the viewer than reflected light.
This provides opacity information, unique color data, and
identifies flake orientation for characterization of toners
in a simple or complex coating mixture. Furthermore, light
reflected at this angle provides a greater span of reflected
information and colors which may be critical for identifi-
cation of certain effect pigments with significant color var-
iation over the travel.
[0022] Due to the complex interaction of translucent
toners with light, direct, collimated light sources may be
used to ensure consistency and repeatability when re-
viewing a target sample. FIG. 6 illustrates how diffuse
light sources provide an unfocused light and allow for
significant "random" interactions with effects such as me-
tallic flakes, resulting in inadequately repeatable meas-
urements by providing randomized information to the
viewer at all angles. Stray light from a diffuse source is
able to strike pigment effects in an inconsistent variety
of locations at a variety of angles, resulting in non-repro-
ducible reflections, thus providing information to the sen-
sors in a spectrophotometer or to the receptors in an
observer’s eyes. The unique characteristics of the effect
pigments are diffused, thus eliminating the possibility of
identification of the effect pigment. Collimated light has
no stray light emanating from the source beam, so it re-
turns the same reflections every time a target surface is
viewed. This rationale may be used to populate pigment
data in a database. It may also be desirable to use similar
lights in similar orientations when developing a database
to which to compare the target information.
[0023] As illustrated in Fig. 7, embodiments of the
present invention are directed to a method of analyzing
a target surface to determine the composition of the coat-
ing on a target surface. At step 70, the target sample
having the target surface is acquired and is prepared for
analysis at step 72. At step 73, it is determined, based
on user input, whether a visual observation or instrument
measurement is to be conducted. If an instrument meas-
urement is to be conducted, at step 74 color cameras
included within a device such as a spectrophotometer
acquire Red, Green and Blue (RGB) information. At the
same time a spectrophotometer could supply colorimet-
ric values such as L*, a*, b*, C, and h. At step 76 the
information is exported from the device to a user device.
The information can be used to directly compare infor-
mation viewed at different angles. A tolerance difference
in the RGB or colorimetric information of 0.5 to 1.0 during
a comparison for any of the three values is generally in-
dicative of a different color or different color intensity.
[0024] Visual evaluation of a target coating composi-
tion is performed at step 78, and may require an observer
to make a decision at step 80 as to which color is most
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prominent at a given angle. In various embodiments, this
may be resolved based on the most chromatic hue ob-
served at the given angle. For example, at a particular
viewing angle a target coating may appear dull green,
but may contain substantial flecks of violet. Because vi-
olet is the most prominent color at the given angle, violet
is designated as the color of the angle and used for the
purposes of comparison. The color may also be inter-
preted as having a particular intensity which would be
designated as the intensity of the color at the given angle.
The intensity may be measured on, for example, a 3 to
5 point scale that ranges from less intense to moderately
intense to highly intense.
[0025] Spectral data provided by a spectrophotometer
requires data manipulation at step 82, but can eliminate
the subjectivity of visual observation or the restrictive-
ness of using a camera. In various embodiments, the
comparison of spectral data between angles involves one
of two procedures. The first procedure is to evaluate the
peak of greatest reflectance and compare that reflect-
ance value at a given wavelength to those in a database
in which colors have been assigned to a range of wave-
lengths. For example, a spectral reflectance may peak
at or around 550 nm for a sample. When compared to
wavelength values for particular colors in a database, the
color may be matched with "Green," which has a range
of 525-575 nm stored in the database (i.e., "Green" would
be the most prominent color at the evaluated angle). Fol-
lowing the visual process the "color" at the evaluated
angle is compared to a color observed at another angle.
The difference between the magnitudes of the spectral
reflectance at the peak of each angle signifies the inten-
sity difference between the angles under consideration.
Following the procedure for comparing spectral data be-
tween angles involves the generation of an augmented
similarity, or reflective, index (SI). The spectral curve at
the angles under consideration is normalized and the di-
vision of the absolute values of the differences between
the normalized values at each wavelength summed by
2 times the number of wavelengths considered yields the
augmented SI. Exceeding a value range of 0.2 - 0.4 may
indicate that the colors under consideration are different.
A value of 0.2 may be desirable for tighter control given
a large overall starting comparison pool or in a white/sil-
ver/black color whereas a value of 0.4 may be desirable
for a smaller overall starting comparison pool or larger
inclusion of similar colors from the pool. In various em-
bodiments, the process for considering intensity is sub-
stantially the same as the process described herein in
connection with the first procedure for comparing spectral
data between angles.
[0026] Equation 1: Similarity Index for a given single
angle 

Where: n = total number of wavelengths
R = normalized reflectance value
s = sample
d = database

[0027] Bulk characterization of toners is performed be-
cause the correct interpretation of a toner type will lead
to the correct texture of the final coating. For example,
pearls generally have identical coarseness values, but
specific pearls result in unique colored sparkle charac-
teristics. Furthermore, aluminums have similar color val-
ues, but may have unique overall texture properties.
Therefore, further characterization of the toner present
in the coating is performed at step 84, and once a suitable
toner is identified as an option for use via angular com-
parisons, the texture of the coating will thus be properly
identified (i.e., the proper texture will be present with a
reasonable toner selection). It is not necessary to identify
the exact toner used in the coating, but rather a suitable
selection of toners will address color and texture issues.
At step 86, the coating formulation that matches (or sub-
stantially matches in an acceptable manner) the target
coating is output.
[0028] In order to determine the bulk toner character-
istics of a target coating at step 82, different viewing an-
gles may be assessed and compared to one another us-
ing a light source, for example at 170°. For example, the
30° and 60° in-plane angles may be assessed for color
(red, green, etc.) via a visual evaluation, a color camera,
or interpretation of the spectral curve as discussed here-
inabove. The 90° and 30° out-of-plane angles at a 45°
elevation may then also be assessed for color in the same
manner. If the colors are not within a particular tolerance
of one another then there is a pearl effect (e.g., mica,
xirallic, colorstream, harlequin, etc.) in the target coating.
Depending on the color and color intensity difference
there may also be a colored aluminum flake present
(color intensity will be much higher in the in-plane angles
and the color of the aluminum will be much more preva-
lent there also). Further consideration may also be given
to the travel of the target over the range of in-plane an-
gles. If the color intensity changes between the 125°,
60°, and 30° angles then the target likely contains an
aluminum flake. If the color or color intensity does not
change across any of the angles, then the target coating
does not contain effect toners and only has straight shade
toners present.
[0029] As described hereinabove, once the toner type
has been generally determined at step 82, toners may
be more specifically characterized and compared to a
database for selection from one or more toners at step
84. The target at each angle may be evaluated and com-
pared to data in a database that contains angular infor-
mation for each toner. The angular information may in-
clude spectral data, visual color assignments, application
implications of each toner, generic application informa-
tion that can be applied to individual toners, align-
ment/opacity information based on the comparison of the
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out-of-plane angles which are within opposing planes
compared to the in-plane angles, and any other appro-
priate data.
[0030] A colored aluminum is determined to be within
a target coating based on a comparison with the charac-
teristics of colored aluminum at specific angles. A colored
aluminum is largely not visible at most angles disclosed
when a 170° light source is used and colored aluminum
is not visible in the 90° out of plane angle. Thus, nearly
all color contributed to the target by the colored aluminum
is not present in the out of plane 90° angle with a 170°
light source. A comparison of the colors from the in plane
angles using a 105° light source to the colors (or lack
thereof) from the 90° out of plane angle using a 170° light
source may allow for a definite or near definite determi-
nation that a colored aluminum is present. In order to
determine if the specific colored aluminum is present, the
out of plane 30° angle may be evaluated with a 105° light
source. The color present at such an angle may be com-
pared to data in the database for confirmation of the more
specific type of colored aluminum present (e.g., gold, red,
orange, etc.). Further confirmation can be gained via a
comparison of the data at other angles using a 105° light
source to data in the database. However, the texture of
a colored aluminum is most clearly apparent at a 30° out
of plane angle using a 105° light source. Thus, the posi-
tion of a spectral receptor, a visual evaluation, and/or a
colored camera may be used at such an angle with such
a light source.
[0031] A pearl effect present in a complex mixture may
be more specifically defined by comparing the out of
plane 90° angle using a 170° light source. Most effect
pigmentations become substantially less color intense at
such an angle with such a light source. This is illustrated
in FIG. 5. Pearl effects, however, are the exception be-
cause when a pearl effect is viewed at the out of plane
90 ° angle using a 170 ° light source it becomes noticeably
more color intense. The color determined to be most
prominent at such an angle with such a light source may
be compared to data in a database to determine the spe-
cific pearl effects that most closely exhibit the same be-
havior and color as observed. The characteristic colors
of the target at other angles may also be compared and
evaluated to ensure the correct pearl effect has been
selected by considering the out of plane to in plane travel
characteristic data of the pearl effect in the database as
compared to the target, with, in one embodiment, the
primary angle of concern being a 90° angle using a 170°
light source. Color intensity of the pearl effect at such an
angle with such a light source may be further compared
to data in the database to determine the presence of a
flattening agent and/or misalignment of the particles in
the target coating. Once a pearl effect has been identified
as present within the target coating, a further analy-
sis/comparison may be made with more comprehensive
data in the database that include the exact spectral curve
information for each of the toners present in the database.
A comparison of the spectral curves of the target to the

proposed toners from the database may further identify
the presence of a standard mica or xirallic (or Color-
stream® xirallic) effect using the similarity index dis-
cussed hereinabove.
[0032] Micronized white can be identified by evaluating
the travel of the target sample using in plane angles and
a 105° or 170° light source. The angles nearest the light
source may not be impacted by micronized white, but the
angles further from the light source may exhibit a
white/light blue hue.
[0033] Aluminum flake may be more specifically iden-
tified by comparing the characteristics of the target coat-
ing to data in the database using the process that is used
for colored aluminums, as described hereinabove, with
additional considerations. As discussed hereinabove,
the presence of aluminum may be evaluated by deter-
mining the travel of the target coating along with the over-
all color of the target coating. If the overall color of the
target coating appears grey or white, but substantial
changes in intensity are present between angles, then
there is most likely aluminum present (this may be less
obvious if a white or silver pearl effect has already been
characterized). The aluminum flake will exhibit a silver
appearance without additional toners present. The char-
acteristics of the target coating at a 30° out of plane angle
using a 105° light source may be compared to the color
intensity data for aluminum effects in the database. Be-
cause texture for aluminums is most apparent at such an
angle and with such a light source, the intensity of the
color at the angle may be compared to data in the data-
base to select the proper aluminum flake by ignoring the
color information of the target coating at the angle. Alu-
minum flakes (including colored aluminum pigments) are
generally susceptible to spray variation and in various
embodiments are compared against databases which
contain comparative out of plane information from the
90° and 30° angles that is stored in a database. For ex-
ample, the database in various embodiments contains
170° and 105° information on aluminums that have been
sprayed in various alignment conditions (particularly with
wet, dry, and/or electrostatic applications). Similarity
comparisons at these angles determines the need for
flake alignment adjusting ingredients - flop adjusters (i.e.,
if the aluminum response will look similar a particular
application type indicating if flop adjustment pigments
are necessary to add to the mixture). Additional evalua-
tions may be performed to determine the presence of
aluminum in a target sample, and the specific type of
aluminum may be identified by using observations at the
specular angles (a 75° angle for a 105° light source and
a 10° angle for a 170° light source). Although embodi-
ments of the present invention are described herein as
contemplating light sources and observations being tak-
en at specific angles, it should be understood that such
angles are not limiting, and include ranges or less specific
angles.
[0034] In various embodiments, remaining toners, for
example solids, may initially be identified by considering
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data relating to the 90° and 30° out of plane angles with
a 170° light source. Without the presence of pearl effects
in the target, a 90° angle may be used to determine the
remaining solid toners in the target coating. A data com-
parison with the most similar solid colored toners (SI com-
parison) or a Kubelka-Munk matching tool may be used
with the spectral curve of the target coating at such an
angle to provide a selection of solid toners. If a colored
aluminum or effect is not present then the solid toners
may be selected by comparing data at the in-plane angles
to data in the database using either or both of the light
sources. If a pearl effect and/or a colored aluminum is/are
present then the toners most similar to the colors of the
in-plane angles and the 30° out of plane angle may be
selected from the database.
[0035] Via the utilization of a spectrophotometer, the
process may also be used iteratively to optimize the iden-
tification process. Reflectance data from a sample made
using the toners selected from the process may be sub-
tracted from reflectance data of an unknown sample. This
results in a new, "darker," reflectance curve which may
then be reiterated through the process for additional toner
identification. The toners selected through the latest it-
eration can be added to the toners from the prior itera-
tion(s).
[0036] Fig. 8 illustrates a flowchart of an embodiment
of a process for identifying toners used to match a target
sample coating. At steps 88 and 90, the bulk toner is
identified by determining the color at all the observed
angles (step 88) and determining the intensity at all the
observed angles (step 90) and described hereinabove
with step 82 of Fig. 7. At step 92, it is determined whether
colored aluminum and/or pearl effects are present in the
target sample and, if so, at step 94 the effect (e.g., mica,
xirallic, colored aluminum, glass, etc.) is identified and
the effect orientation is considered as described herein-
above. At step 96, non-colored aluminum and solid ef-
fects are identified and the effect orientation is consid-
ered as described hereinabove.
[0037] Fig. 9 illustrates an embodiment of a system 90
which may be used to identify toners used to match a
target sample coating. A user 92 may utilize a user inter-
face 94, such as a graphical user interface, to operate a
spectrophotometer 96 to measure the properties of a tar-
get sample 98. The data from the spectrophotometer 96
may be transferred to a computer 100, such as a personal
computer, a mobile device, or any type of processor. The
computer 100 may in communication, via a network 102,
with a server 104. The network 102 may be any type of
network, such as the Internet, a local area network, an
intranet, or a wireless network. The server 104 is in com-
munication with a database 106 that may store the data
and information that is used by the methods of embodi-
ments of the present invention for comparison purposes.
Various steps of the methods of embodiments of the
present invention may be performed by the computer 100
and/or the server 106.
[0038] In another aspect, the invention can be imple-

mented as a non-transitory computer readable medium
containing software for causing a computer or computer
system to perform the method described above. The soft-
ware can include various modules that are used to enable
a processor and a user interface to perform the methods
described herein.
[0039] It will be readily appreciated by those skilled in
the art that modifications may be made to the invention
without departing from the concepts disclosed in the for-
going description. Such modifications are to be consid-
ered as included within the following claims unless the
claims, by their language, expressly state otherwise. Ac-
cordingly, the particular embodiments described in detail
herein are illustrative only and are not limiting to the scope
of the invention which is to be given the full breadth of
the appended claims and any and all equivalents thereof.

Claims

1. A computer implemented method for evaluating
colorimetric and physical property attributes of cured
complex coating mixtures, the method comprising:

performing at least one of a visual evaluation
and an instrument measurement of a target
coating on a target sample to generate colori-
metric information;
identifying, using a processor and the colorimet-
ric information, a bulk toner that is present in the
target coating by determining a color and a color
intensity at different viewing angles relative to
the target sample, wherein the identified bulk
toner comprises a particular toner type;
identifying, using the processor, at least one
specific toner of the identified bulk toner that is
present in the target coating by detecting a pres-
ence and an orientation of colored and/or non-
colored pigmentation effects that are present in
the target coating; and
outputting, using the processor, a formulation of
the target coating that includes the at least one
specific toner.

2. The method of claim 1, wherein performing the at
least one of a visual evaluation and an instrument
measurement includes measuring the target sample
with a spectrophotometer.

3. The method of claim 1, wherein identifying the at
least one specific toner includes determining wheth-
er a colored aluminum and/or a pearl effect is present
in the target coating.

4. The method of claim 1, wherein identifying the at
least one specific toner includes identifying at least
one of a solid effect and a non-colored aluminum.
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5. The method of claim 1, further comprising preparing
the target sample for analysis.

6. The method of claim 1, wherein performing at least
one of a visual evaluation and an instrument meas-
urement includes visually determining a prominent
color.

7. The method of claim 1, wherein determining a color
intensity includes calculating a similarity index.

8. A system for evaluating colorimetric and physical
property attributes of cured complex coating mix-
tures, the system comprising:

a user interface; and
a processor in communication with the user in-
terface and programmed to:

receive data from at least one of a visual
evaluation and an instrument measurement
of a target coating on a target sample to
generate colorimetric information;
identify, using the colorimetric information,
a bulk toner that is present in the target coat-
ing by determining a color and a color inten-
sity at different viewing angles relative to
the target sample, wherein the identified
bulk toner comprises a particular toner type;
identify at least one specific toner of the
identified bulk toner that is present in the
target coating by detecting a presence and
an orientation of colored and/or non-colored
pigmentation effects that are present in the
target coating; and
output a formulation of the target coating
that includes the at least one specific toner.

9. The system of claim 8, further comprising any one of:

- a database in communication with the proces-
sor
- a display in communication with the processor
- a spectrophotometer in communication with
the processor.

10. The system of claim 8, wherein the processor is pro-
grammed to identify the at least one specific toner
by determining whether a colored aluminum and/or
a pearl effect is present in the target coating.

11. The system of claim 8, wherein the processor is pro-
grammed to identify the at least one specific toner
by identifying at least one of a solid effect and a non-
colored aluminum.

12. An apparatus for evaluating colorimetric and physi-
cal property attributes of cured complex coating mix-

tures, the apparatus comprising:

means for receiving data from at least one of a
visual evaluation and an instrument measure-
ment of a target coating on a target sample to
generate colorimetric information;
means for identifying, using the colorimetric in-
formation, a bulk toner that is present in the tar-
get coating by determining a color and a color
intensity at different viewing angles relative to
the target sample, wherein the identified bulk
toner comprises a particular toner type;
means for identifying at least one specific toner
of the identified bulk toner that is present in the
target coating by detecting a presence and an
orientation of colored and/or non-colored pig-
mentation effects that are present in the target
coating; and
means for outputting a formulation of the target
coating that includes the at least one specific
toner.

13. The apparatus of claim 12, wherein the means for
identifying the at least one specific toner includes
means for determining whether a colored aluminum
and/or a pearl effect is present in the target coating.

14. The apparatus of claim 13, wherein the means for
identifying the at least one specific toner includes
means for identifying at least one of a solid effect
and a non-colored aluminum.

15. A non-transitory computer readable medium includ-
ing software for causing a processor to:

receive data from at least one of a visual eval-
uation and an instrument measurement of a tar-
get coating on a target sample to generate color-
imetric information;
identify, using the colorimetric information, a
bulk toner that is present in the target coating
by determining a color and a color intensity at
different viewing angles relative to the target
sample, wherein the identified bulk toner com-
prises a particular toner type;
identify at least one specific toner of the identi-
fied bulk toner that is present in the target coating
by detecting a presence and an orientation of
colored and/or non-colored pigmentation effects
that are present in the target coating; and
output a formulation of the target coating that
includes the at least one specific toner.

Patentansprüche

1. Ein computerimplementiertes Verfahren zur Aus-
wertung kolorimetrischer und physikalischer Eigen-
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schaftsattribute von gehärteten komplexen Be-
schichtungsmischungen, das Verfahren umfassend:

ein Durchführen von wenigstens einem von ei-
ner visuellen Beurteilung und
einer instrumentellen Messung einer Zielbe-
schichtung auf einer Zielprobe, um kolorimetri-
sche Information zu generieren;
ein Identifizieren, unter Verwendung eines Pro-
zessors und der kolorimetrischen Information,
eines Massentoners, der in der Zielbeschich-
tung vorhanden ist, durch Bestimmen einer Far-
be und einer Farbintensität bei verschiedenen
Betrachtungswinkeln bezogen auf die Zielpro-
be, wobei der identifizierte Massentoner einen
bestimmten Tonertyp umfasst;
ein Identifizieren, unter Verwendung des Pro-
zessors, von wenigstens einem spezifischen
Toner des identifizierten Massentoners, der in
der Zielbeschichtung vorhanden ist, durch De-
tektieren eines Vorhandenseins und einer Ori-
entierung von farbigen und/oder nicht-farbigen
Pigmentierungseffekten, die in der Zielbe-
schichtung vorhanden sind; und
ein Ausgeben, unter Verwendung des Prozes-
sors, einer Formulierung der Zielbeschichtung,
die den wenigstens einen spezifischen Toner
enthält.

2. Das Verfahren des Anspruchs 1, wobei das Durch-
führen des wenigstens einen von einer visuellen Be-
urteilung und einer instrumentellen Messung ein
Messen der Zielprobe mit einem Spektrophotometer
beinhaltet.

3. Das Verfahren des Anspruchs 1, wobei das Identifi-
zieren des wenigstens einen spezifischen Toners
ein Bestimmen, ob ein farbiges Aluminiumpigment
und/oder ein Perleffektpigment in der Zielbeschich-
tung vorhanden ist, beinhaltet.

4. Das Verfahren des Anspruchs 1, wobei das Identifi-
zieren des wenigstens einen spezifischen Toners
ein Identifizieren von wenigstens einem von einem
Deckeffektpigment und einem nicht-farbigen Alumi-
niumpigment beinhaltet.

5. Das Verfahren des Anspruchs 1, des Weiteren um-
fassend ein Präparieren der Zielprobe zur Analyse.

6. Das Verfahren des Anspruchs 1, wobei das Durch-
führen von wenigstens einem von einer visuellen Be-
urteilung und einer instrumentellen Messung ein vi-
suelles Bestimmen einer markanten Farbe beinhal-
tet.

7. Das Verfahren des Anspruchs 1, wobei das Bestim-
men einer Farbintensität das Berechnen eines Ähn-

lichkeitsindexes beinhaltet.

8. Ein System zur Auswertung kolorimetrischer und
physikalischer Eigenschaftsattribute von gehärteten
komplexen Beschichtungsmischungen, das System
umfassend:

eine Benutzerschnittstelle; und
einen Prozessor in Verbindung mit der Benut-
zerschnittstelle und programmiert um:

Daten von wenigstens einem von einer vi-
suellen Beurteilung und einer instrumentel-
len Messung einer Zielbeschichtung auf ei-
ner Zielprobe zu empfangen, um kolorime-
trische Information zu generieren;
unter Verwendung der kolorimetrischen In-
formation einen Massentoner, der in der
Zielbeschichtung vorhanden ist, durch Be-
stimmen einer Farbe und einer Farbinten-
sität bei verschiedenen Betrachtungswin-
keln bezogen auf die Zielprobe zu identifi-
zieren, wobei der identifizierte Massentoner
einen bestimmten Tonertyp umfasst;
wenigstens einen spezifischen Toner des
identifizierten Massentoners, der in der Ziel-
beschichtung vorhanden ist, durch Detek-
tieren eines Vorhandenseins und einer Ori-
entierung von farbigen und/oder nicht-far-
bigen Pigmentierungseffekten, die in der
Zielbeschichtung vorhanden sind, zu iden-
tifizieren; und
eine Formulierung der Zielbeschichtung,
die den wenigstens einen spezifischen To-
ner enthält, auszugeben.

9. Das System des Anspruchs 8, des Weiteren umfas-
send irgendeines von:

- einer Datenbank in Verbindung mit dem Pro-
zessor
- einer Anzeige in Verbindung mit dem Prozes-
sor
- einem Spektrophotometer in Verbindung mit
dem Prozessor.

10. Das System des Anspruchs 8, wobei der Prozessor
programmiert ist, den wenigstens einen spezifischen
Toner durch Bestimmen, ob ein farbiges Aluminium-
pigment und/oder ein Perleffektpigment in der Ziel-
beschichtung vorhanden ist, zu identifizieren.

11. Das System des Anspruchs 8, wobei der Prozessor
programmiert ist, den wenigstens einen spezifischen
Toner durch Identifizieren von wenigstens einem
vom einem Deckeffektpigment und einem nicht-far-
bigen Aluminiumpigment zu identifizieren.
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12. Ein Apparat zum Auswerten kolorimetrischer und
physikalischer Eigenschaftsattribute von gehärteten
komplexen Beschichtungsmischungen, der Apparat
umfassend:

Mittel zum Empfangen von Daten von wenigs-
tens einem von einer visuellen Beurteilung und
einer instrumentellen Messung einer Zielbe-
schichtung auf einer Zielprobe, um kolorimetri-
sche Information zu generieren;
Mittel zum Identifizieren, unter Verwendung der
kolorimetrischen Information, eines Massento-
ners, der in der Zielbeschichtung vorhanden ist,
durch Bestimmen einer Farbe und einer Farbin-
tensität bei verschiedenen Betrachtungswin-
keln bezogen auf die Zielprobe, wobei der iden-
tifizierte Massentoner einen bestimmten Toner-
typ umfasst;
Mittel zum Identifizieren von wenigstens einem
spezifischen Toner des identifizierten Massen-
toners, der in der Zielbeschichtung vorhanden
ist, durch Detektieren eines Vorhandenseins
und einer Orientierung von farbigen und/oder
nicht-farbigen Pigmentierungseffekten, die in
der Zielbeschichtung vorhanden sind; und
Mittel zum Ausgeben einer Formulierung der
Zielbeschichtung, die den wenigstens einen
spezifischen Toner enthält.

13. Der Apparat des Anspruchs 12, wobei die Mittel zum
Identifizieren des wenigstens einen spezifischen To-
ners Mittel zum Bestimmen, ob ein farbiges Alumi-
niumpigment und/oder ein Perleffektpigment in der
Zielbeschichtung vorhanden sind, beinhaltet.

14. Der Apparat des Anspruchs 13, wobei die Mittel zum
Identifizieren des wenigstens einen spezifischen To-
ners Mittel zum Identifizieren von wenigstens einem
von einem Deckeffektpigment und einem nicht-far-
bigen Aluminiumpigment enthalten.

15. Ein nicht-flüchtiges computerlesbares Medium ent-
haltend Software, um einen Prozessor zu konfigu-
rieren:

Daten von wenigstens einem von einer visuellen
Beurteilung und einer instrumentellen Messung
von einer Zielbeschichtung auf einer Zielprobe
zu empfangen, um kolorimetrische Information
zu generieren;
unter Verwendung der kolorimetrischen Infor-
mation einen Massentoner, der in der Zielbe-
schichtung vorhanden ist, durch Bestimmen ei-
ner Farbe und einer Farbintensität bei verschie-
denen Betrachtungswinkeln bezogen auf die
Zielprobe zu identifizieren, wobei der identifi-
zierte Massentoner einen bestimmten Tonertyp
umfasst;

wenigstens einen spezifischen Toner des iden-
tifizierten Massentoners, der in Zielbeschich-
tung vorhanden ist, durch Detektieren eines
Vorhandenseins und einer Orientierung von far-
bigen und/oder nicht-farbigen Pigmentierungs-
effekten, die in der Zielbeschichtung vorhanden
sind, zu identifizieren; und
eine Formulierung der Zielbeschichtung, die
den wenigstens einen spezifischen Toner ent-
hält, auszugeben.

Revendications

1. Procédé mis en œuvre par ordinateur pour évaluer
des attributs de propriétés colorimétriques et physi-
ques de mélanges de revêtement complexes durcis,
le procédé comprenant :

la réalisation d’au moins une opération parmi
une évaluation visuelle et une mesure instru-
mentale d’un revêtement cible sur un échantillon
cible afin de générer des informations
colorimétriques ;
l’identification, à l’aide d’un processeur et des
informations colorimétriques, d’un colorant pig-
mentaire global qui est présent dans le revête-
ment cible par détermination d’une couleur et
d’une intensité de couleur à différents angles de
vision par rapport à l’échantillon cible, le colorant
pigmentaire global identifié comprenant un type
de colorant pigmentaire particulier ;
l’identification, à l’aide du processeur, d’au
moins un colorant pigmentaire spécifique du co-
lorant pigmentaire global identifié qui est pré-
sent dans le revêtement cible par détection
d’une présence et d’une orientation d’effets de
pigmentation colorés et/ou non colorés qui sont
présents dans le revêtement cible ; et
la délivrance en sortie, à l’aide du processeur,
d’une formulation du revêtement cible qui com-
prend l’au moins un colorant pigmentaire spéci-
fique.

2. Procédé selon la revendication 1, dans lequel la réa-
lisation de l’au moins une opération parmi une éva-
luation visuelle et une mesure instrumentale com-
prend la mesure de l’échantillon cible avec un spec-
trophotomètre.

3. Procédé selon la revendication 1, dans lequel l’iden-
tification de l’au moins un colorant pigmentaire spé-
cifique comprend la détermination de la présence ou
non de paillettes d’aluminium colorées et/ou d’un ef-
fet nacré dans le revêtement cible.

4. Procédé selon la revendication 1, dans lequel l’iden-
tification de l’au moins un colorant pigmentaire spé-
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cifique comprend l’identification d’au moins un élé-
ment parmi un effet opaque et des paillettes d’alu-
minium non colorées.

5. Procédé selon la revendication 1, comprenant en
outre la préparation de l’échantillon cible en vue
d’une analyse.

6. Procédé selon la revendication 1, dans lequel la réa-
lisation d’au moins une opération parmi une évalua-
tion visuelle et une mesure instrumentale comprend
la détermination visuelle d’une couleur dominante.

7. Procédé selon la revendication 1, dans lequel la dé-
termination d’une intensité de couleur comprend le
calcul d’un indice de similarité.

8. Système pour évaluer des attributs de propriétés co-
lorimétriques et physiques de mélanges de revête-
ment complexes durcis, le système comprenant :

une interface utilisateur ; et
un processeur en communication avec l’interfa-
ce utilisateur et programmé pour :

recevoir des données issues d’au moins
une opération parmi une évaluation visuelle
et une mesure instrumentale d’un revête-
ment cible sur un échantillon cible afin de
générer des informations colorimétriques ;
identifier, à l’aide des informations colori-
métriques, un colorant pigmentaire global
qui est présent dans le revêtement cible par
détermination d’une couleur et d’une inten-
sité de couleur à différents angles de vision
par rapport à l’échantillon cible, le colorant
pigmentaire global identifié comprenant un
type de colorant pigmentaire particulier ;
identifier au moins un colorant pigmentaire
spécifique du colorant pigmentaire global
identifié qui est présent dans le revêtement
cible par détection d’une présence et d’une
orientation d’effets de pigmentation colorés
et/ou non colorés qui sont présents dans le
revêtement cible ; et
délivrer en sortie une formulation du revê-
tement cible qui comprend l’au moins un co-
lorant pigmentaire spécifique.

9. Système selon la revendication 8, comprenant en
outre un élément quelconque parmi :

- une base de données en communication avec
le processeur
- un dispositif d’affichage en communication
avec le processeur
- un spectrophotomètre en communication avec
le processeur.

10. Système selon la revendication 8, dans lequel le pro-
cesseur est programmé pour identifier l’au moins un
colorant pigmentaire spécifique par détermination
de la présence ou non de paillettes d’aluminium co-
lorées et/ou d’un effet nacré dans le revêtement ci-
ble.

11. Système selon la revendication 8, dans lequel le pro-
cesseur est programmé pour identifier l’au moins un
colorant pigmentaire spécifique par identification
d’au moins un élément parmi un effet opaque et des
paillettes d’aluminium non colorées.

12. Appareil pour évaluer des attributs de propriétés co-
lorimétriques et physiques de mélanges de revête-
ment complexes durcis, l’appareil comprenant :

un moyen pour recevoir des données issues
d’au moins une opération parmi une évaluation
visuelle et une mesure instrumentale d’un revê-
tement cible sur un échantillon cible afin de gé-
nérer des informations colorimétriques ;
un moyen pour identifier, à l’aide des informa-
tions colorimétriques, un colorant pigmentaire
global qui est présent dans le revêtement cible
par détermination d’une couleur et d’une inten-
sité de couleur à différents angles de vision par
rapport à l’échantillon cible, le colorant pigmen-
taire global identifié comprenant un type de co-
lorant pigmentaire particulier ;
un moyen pour identifier au moins un colorant
pigmentaire spécifique du colorant pigmentaire
global identifié qui est présent dans le revête-
ment cible par détection d’une présence et d’une
orientation d’effets de pigmentation colorés
et/ou non colorés qui sont présents dans le re-
vêtement cible ; et
un moyen pour délivrer en sortie une formulation
du revêtement cible qui comprend l’au moins un
colorant pigmentaire spécifique.

13. Appareil selon la revendication 12, dans lequel le
moyen pour identifier l’au moins un colorant pigmen-
taire spécifique comprend un moyen pour détermi-
ner si des paillettes d’aluminium colorées et/ou un
effet nacré sont présents dans le revêtement cible.

14. Appareil selon la revendication 13, dans lequel le
moyen pour identifier l’au moins un colorant pigmen-
taire spécifique comprend un moyen pour identifier
au moins un élément parmi un effet opaque et des
paillettes d’aluminium non colorées.

15. Support non transitoire lisible par ordinateur conte-
nant un logiciel servant à amener un processeur à :

recevoir des données issues d’au moins une
opération parmi une évaluation visuelle et une
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mesure instrumentale d’un revêtement cible sur
un échantillon cible afin de générer des informa-
tions colorimétriques ;
identifier, à l’aide des informations colorimétri-
ques, un colorant pigmentaire global qui est pré-
sent dans le revêtement cible par détermination
d’une couleur et d’une intensité de couleur à dif-
férents angles de vision par rapport à l’échan-
tillon cible, le colorant pigmentaire global iden-
tifié comprenant un type de colorant pigmentaire
particulier ;
identifier au moins un colorant pigmentaire spé-
cifique du colorant pigmentaire global identifié
qui est présent dans le revêtement cible par dé-
tection d’une présence et d’une orientation d’ef-
fets de pigmentation colorés et/ou non colorés
qui sont présents dans le revêtement cible ; et
délivrer en sortie une formulation du revêtement
cible qui comprend l’au moins un colorant pig-
mentaire spécifique.
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